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Put a l.O-to-1.05 SWR scale on a six-inch meter and you have the kind of 
resolution that an accurate slotted line deserves. Add three step attenuators 
and an attenuator "memory” dial and you have the means for fast, accurate 
attenuation measurements. Another feature of the Type 1 234 Standing-Wave 
Meter is in the "why-doesn‘t-everyone-do-that?" category: a set of meter 
lights (see front cover) to tell you which scale to read. 

We have gone on record as saying that the pulse-output possibilities of 
our Type 1 395 Modular Pulse Generator are virtually limitless. To cement the 
case we introduce in this issue still another module: an NRZ (Non-Return-to- 
Zero) Converter/Sampier. In addition to its primary function of preventing 
voltage in a binary word from falling to zero until a zero is called for, the new 
unit can be coupled with a random-noise generator to yield random binary 
sequences. 

Users of GR frequency synthesizers will want to note two Important new 
accessories described in this issue: a standard-frequency oscillator and a pro¬ 
grammable digit-insertion unit. The line is now fully programmable, right up to 
70 MHz. 


The General Hatlio Experimenter U mailed each month without charge to engi¬ 
neers, scientists, technicians, eilucatore, and others interested in the instruments and 
techniques of electrical and eleclroniiis measurements. .\ddre.ss all correspondence to 
Editor, General Itudio Experimenter^ General Hudiu Co., West Concord, Mass. 01781. 
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Since the advent of precision coaxial 
connectors and precision slotted lines, 
8WR values have been meaningfully ex¬ 
pressed in terms of hundredths and 
thousandths. An obvious need in meas¬ 
urements with a precision slotted line is 
swR meter with enough resolution 
to translate the precision of the slotted 
line into precise measurement results. 
This need is now filled by GR’s new 
Type 1234 Standing-Wave Meter, which 
numbers among its features a large 
scale that is expandable to a full-scale 
swTt value of only l.Oo. 

The new swr meter is no less useful 
for larger swr values, an<l its three step 
attenuators and an attenuator **mem¬ 
ory” control permit fast, accurate at¬ 
tenuation meiisurements. 

One of the chief objectives in the de¬ 
sign of the 1234 was ease of operation 
and of reading, and the instrument 
features several intere.sting innovations 
in the so-called ”human-engineering” 


AN SWR METER 
FOR 

PRECISION 

MEASUREMENTS 


Figure 1. Type 1234 Stonding«Wove Meter. 

area. For example, the usual annoy¬ 
ance and fref|uent confusion a.ssociated 
with a multisc*ulc meter are neatly dis¬ 
patched: The sctale in use is always 
unmistakably identified by a light ad¬ 
jacent to it (sec front cover photo). 
Once one is on the right scale, reading 
it is no problem; the meter is of the 
familiar and highly popular OR design, 
with a large 0-inch face, a mirror scale, 
and a tracking accuracy or linearity of 
percent. 

Description ^ 

The 1234 is basically a low-noise 
tuned ac amplifier, calibrated for use 
with srpiare-law detectors. The circuit 
(Figure 2) compris<\s five stages of audio 
amplification and four stages of con¬ 
trolled attenuation, staggtTcd to pro¬ 
vide optimum signal-to-noise ratio. 
The total attenuation range is 70 dB, 
of which 20 dB is controlled by the 
meter range switch. This feature, which 
simplifies high (> 4) swr measure- 


r 


i 


CmNUATOR . 

LOw-eotK 
■ ANOUriU 

. ATTIMlMTOe • 

' AMPUrO ’ 

. AmNUATON - 

1* 

' nmjenn 

- ATTfeUATOe- 

. scuenve 

AMPUPO 

ri«iAL 

AMfHjnn 


■o 


Figure 2. Block diogrom of the 1234. 
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Figure 3. Typical 
noise figure as a 
function of source 
resistance. 


ments by eliminating the need for ad¬ 
justment of the attenuator control, also 
limits use of the e.xpanded scales to 
measurements with at least 20 dB in 
the circuit — in other words, to meas¬ 
urements where the signal-to-noise ratio 
permits accurate measurements. 

At the input, an rf low-pass filter 
prevents rf signals that leak past the 
detector bypass capacitor from causing 
measurement errors. The input stage is 
a high-input-impedance, low-noise am¬ 
plifier, who.se optimum source resistance 
is adjustable between 200 ohms and 35 
kilohms in four steps. Figure 4 is a plot 
of noise figure vs source resistance. 

The amplifier circuit is designed so 
that gain is essentially independent of 
fre(iuency and bandwidth Jidjustmcnt.s. 
The freciuency-selective circuit (Figure 
3) is a feedback amplifier in which 
positive and negative feedback are 
eciual at resonance, and the feedback 
circuit does not affect circuit gain. 
At other freciucncies, however, the posi¬ 
tive feedback is less than the negative 
feedback, reducing gain. 

The main attenuator covers a range 
of 45 (IB in nine steps. “ memory dial 
ixjrmits attenuation meiisurements by 
substitution techniciues to be made 
without subtraction of readings and 
possible resulting errors. A third at¬ 
tenuator covers 5 dB in 1-dB steps. 
This attenuator, in conjunction with 
the l.G-dB expanded scale, yields a 
resolution of 0.025 dB. With the second 
expanded scale the resolution is 0.005 


dB (i.e., 0.02 dB per small, |^inch-w4de 
division). 

Two outputs are available for use 
with recorders (jr other auxiliary equip¬ 
ment: a dc output of 1.5 volts behind 1.5 
kilohms at meter full scale and a 1-kHz 
(mtput of 0.1 to 1 volt rms maximum 
(depending on range switch position) 
behind 500 ohms. 

A GO-ohm impedance between circuit 
ground and line ground reduces poten¬ 
tially trouble.some ground loops. Errors 
are eliminated when recorders with 
balanced inputs are used and are 
usually small even with unbalanced- >. 
input recorders. 

highly regulated pow'er supply makes 
amplifier gain virtually independent of 
line-voltage changes. Figure 5 shows a 
barely noticeable gain change on the 
highest cxpan.sion range as the line 
voltage is changed dr 10%. The 1234 
can be oiK?rated from battery as well as 
ac voltage. Any battery capable of 
supplying 00 m.\ at from 22 to 35 volts 
can be used. Gain will not be affected 
noticeably as long as the battery volt¬ 
age stays above 22 volts. The Type 
1538-P3 Battery and Charger unit is 
available as an accessory. The 1234 
will operate for 40 hours on one charge 
of this nickel-cadmium battery. 



Figure 4. Frequency>seleclive amplifier circuit. 
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Figure 5. Recording ihowing gain itabilily with line-voltage changes, at measured on a production 

instrument. 


Use with Bolometers 

The bolometer is often preferred over 
the crystal detector for accurate meas¬ 
urements. The .signal level must be at 
least five times the residual noise level 
for an error of 0.1 dH or less. The power 
level reciuired to produce such a meter 
deflect ion has been meiusured on a 
typical instrument to be —o’i dllm 
peak, with a 100%-modulated signal. 
The high limit for a 0.1-<iH error is 
^ generally about 0 dBm. I'or errors of 
less than O.Oo dB the peak power must 
be limited to the range of —4') to 
—15 dBm. 

Accurate measurements at. high sig¬ 
nal levels rc(|uire a high input im¬ 
pedance. In the rJTl, the input circuit 
is designed to provide an optimum 
signal-to-noi.se ratio over a wide range 
of source resistances, while presenting 
a high input im|KHlance to the soiin'e. 
In the two bolometer-input positions of 
the souHCE switch, this optimum source 
resistance is 200 ohms, while the input 
impedance is 3.5 kilohms in parallel 
with 5 kilohms induittivc reactance. At 
high input-signal levels, a low im¬ 
pedance will increase the bolometer’s 
deviation from s(iuarc law. This error is 
sometimes called the voltage-tran.sfer 
error.* A high load impedance (i.e., a 
^ high input impedance of the amplifier) 

• G. J. Sorjter ami B. O. Wwimchel, ‘‘Com^rison of 
Orvialionn from Squarr I.aw for R. F. Crystal Diodes and 
Barreters," IRH TmnMoetion* on ImArumenlation, Vol. I-S. 
No. 3. Decomlier I95«, pp 103-111. 


will reduce this efTect to the point where 
it may liecomc negligible. 

Another factor alTccting bolometer ac¬ 
curacy is the bias-current supply. If^ 
this current is not supplied from a high- 
impedance source, the source impedance 
may be considered to appear in parallel 
with the input impedance of the am¬ 
plifier, thus aggravating the voltage- 
transfer error. The 1234 supplies a 
bolometer dc bias current from a true 
current source (source resistance about 
10^ ohms). The current is adju.stable 
±10% of the nominal value by means 
of a potentiometer accessible through a 
hole in the rear (!over of the instrument. 
The current soun'c is voltage-limited to 
protect the bolometer element. 

Use with Crystal Detectors 

The crystal diode, although its dy¬ 
namic range is less than that of a 
bolometer, is widely used as a detector 
becau.se of its higher sensitivity. The 
power level recpiired to produce a meter 
deflection five times the noise level is 
about —00 dBm. The upper limit, 
where the deviation from sfjuare law 
becomes significant, is about —30 
dBm. This level can be raised by the 
selection of a proper load impedance for 
the crystal. At impedances very low 
compared with the dynamic resistance 
of the diode, the deviation from square 
law is positive — that is, the output 
voltage or current increases more than 
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the input rf power does. With very 
hig!» load imf)edanees the deviation 
from sfiuare law is negative, since the 
detector approaches the linear oper¬ 
ating region. 

We found that the best results are 
obtained when the load resistance is 
about e([ual to the dynamic resistance 
of the diode. Measuring the dynamic 
resistance is a simple matter of connect¬ 
ing a resistor across the top of the 
detector and calculating Riy from the 
resulting voltage drop. Dynamic resist¬ 
ances of point-contact diodes vary from 
5 to well over 100 kilohms. shunt 
resistor to reduce the error at high levels 
will of course decrease the detector 
sensitivity, but the ability to change 
the optimum .source resistance helps 
to reduce this loss in .sensitivity, so that 
this method can l)e used to increa.se 
dynamic range .significantly. 

.\n e.xample appears in Figure G. 
The diode dynamic resistance is 7 
kilohms. The G.8-kilohm .shunt resistor 
reduces sensitivity by 2 dB. For a 
ma.\imum error of 0.1 dB on the high- 
level and 0.1 dB at the low-level end, 

* W. H. Ilenfirtt: “RiNiponsB of a LinMU Rwtifirr to 
Sicnal ami Noiaa.*' Bkl SyiitmM Ttfhfttcal Journal, 
Vot 23. January l(M4. pp 07-113. 



Figura 6. Extantion of tha squora-low ronga of a 
dioda defactor by o thunf raitstor ocrots fha 
dafaclor output. 


the d^mamic range is increased from 
35 to 45 dB. 

When the meter deflection is at least 
five times the residual noise deflection, 
the error due to the noi.se contribution 
is less than O.l dB.’ However, the 
ability to read the meter correctly is 
limited by the fluctuations of the meter 
needle. The “slow,*' or damped, meter 
response reduces these fluctuations to 
the point where accurate readings are 
possible. 

— M. Kii.\z.\.m 

\ brief biography of M r. Kliazam appeared in 
the July-August 1967 issue of the Experimenter. 


SPECIFICATIONS 


Input: 

Crytlal 

Bolometer 

Optimum Source R 

35 kil 

20 kil 

2 ku 

200 il 

200 il 

Input Impedance 

1 MU 

350 kn^ 
80 11 

35 kO.^ 

8 H 

3.5 kn^ 
0.8 H 

3.5 ktt^ 
0.8 11 

SantIHvity (ft) 

1.2 mV 

1 mV 

0..32 mV 

0.1 mV 

0.1 mV 

Noita* 

0.2 mV 

0.2 mV 

0.06 mV 

0.02 mV 

0.02 mV 


* Equivalent input noiae level with aource reaiatanoe equal to optimum and with minimum bandwidth. 


Mater Scolaa: SWU, 1 to 4, 3.2 to 10, 1 to 1.2, 
and 1 to 1.05; dB, 0 to 10, 0 to 1.6, and 0 to 
0.45; bolometer current, 0 to 10 mA. 

Matar Accurocyi 0 U) 10-dB scale, d;(0.01 
dB 4- 1.5% «*f reading); 0 to l.fi-dB scale, 
±0.02 dB; 0 to 0.45-dB scale, ±0.007 dB. 


Attanuotor: Three separate attenuators: 20 dB 
in 10-dB steps, accuracy ±0.1 dB/10 dB; 
45 dB in 5-<lB steps, accuracy ±0.05 dB/5 dB; 
5 dB in 1-dB steps, accuracy ±0.01 dB/1 dB. 
Bondwidth: 10 to 100 Uz, adjustable with 
constant gain. 
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Frvqwancy: I kHz, odjustublo ±30 Hz. 

3oin Control: Coarae and fine, fwHi range. 
Bolomvfar Biot Cwrront: 1.3 and 8.7 mA, adjust> 
able ±I0\. Voltage limite<l for liolometer 
protection. 

Meter Speed: Slow and fast, switch si'Iccted. 
Outputs: Dc, 1.5 V ma.\ Itehind 1500 12. Ac, O.l 
V rms (I to I SWU range), 0.3 V rms (I to 1.2 
range), and 1 V rms (I to 1.05 range); 500-12 
source iin|XHlance. Ixiud resistance > 0000 12. 

GENERAL 

Power Required: 100 to 125 or 200 to 250 \\ 
50 to IK) Hz. Or 22 to 35 V dc, 90 m.\ from ext 
battery, 15^i8-P3 Battery and Charger suitable. 


Accetsoriei Supplied: Spare fusc, battery 
connector. 

Accessories Avoiloble: 15-t8-P3 Battery and 
Charger. 

Mounting: Flip-Tilt caSC. 

Dimensions (with X height X depth): x 8?^ 

X 111^ in. (215 X 225 x 290 mm). 

Weight: Net, 9 lb (1.1 kg); shipping, 12*^ lb 
(0.0 kg). 


Catalog 


Price 

Number 

Description 

in USA 

1234-9701 

1234 Standing-Wove 
Malar 

$495.00 



NRZ AND 

RANDOM PULSES FROM THE 1395 
MODULAR 

PI II qr Type 139o-IM PRF Unit) that drives 

* the Type 1395-P() Word Generator, 

^FIsJFPATOR the NRZ Converter/Sam¬ 

pler to examine the signal at its 
8.\MPLED input. The signal at this input 
is the output of the Word Generator, 
stretched with the use of a 1395-P2 
Pulse/Delay Unit. The NRZ Con¬ 
verter determines whether the s.\m- 
PLED input is in the one or zero state 
at the moment the s.vmpling pulse 
arrives. The appropriate output termi¬ 
nal then assumes a high or low voltage 
and holds that state until the sampling 
process finds the opposite state at the 
input. 

There are two output terminals for 
the NRZ signal: One gives high-level 
voltage for ones; the other gives low- 
level voltage for ones. Both outputs are 
available simultaneously. The exact 
voltage levels are set at the user’s 
pleasure by a gain control on the NRZ 
Converter/Sampler and by the DC 
Component control on the 1395-A 


NRZ Conv*rt*r/Sampler. 


It often hap{)en.s in the course of 
work on digital equipment that binary 
words of non-return-to-zero (NRZ) 
pulses are required. The 1395-A Modu¬ 
lar Pulse Generator* is now available 
with a new plug-in module, the 1395-P5 
NRZ Converter/Sampler, designed to 
provide NRZ pulses when used in 
conjunction with the Type 1395-P() 
Binary-Word Generator, 
s The NRZ Converter/Sampler is easy 
to use. \ timing signal, normally de¬ 
rived from the same master clock (a 


•O. R. Parlritlce, "PuIbwi U> Order,” 
Expert mentor. May 1065. 


Otntrol Radio 
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Gordon 11. Partridge re¬ 
ceived his BE, ME, and 
PhD degrees in Electri¬ 
cal Engineering at Vale 
University. His aca¬ 
demic background also 
includes an associate 
profe-ssorship in EE at 
Purdue University. He 
joined GU in 1962 as a 
Development Engineer, 
and he has since specialized in the design 
of pulse generators and amplifiers. He is 
the author of Principles of Electronic Instru¬ 
ments, published by Prentice-Hall in 1958. 


Modular Pulse Generator (main frame), 
which sets the baseline voltage. 

Since trigger pulses as well as NRZ 
pulses may be desired, the NRZ Con- 
verter/Samplcr also provides triggers 
corresponding to its one or zero deci¬ 
sions. The user may select trigger 
pulses for ones or trigger pulses for 
zeros; both are available simulta¬ 
neously at front-panel output jacks. 

Communication links, whether in the 
sense of person-to-person, as in pulse- 
code modulated telephony, or betwecui 
business machines involving binary 
data, normally are subject to interfer¬ 
ence from random trains of pulses at 


the same bit rate as the message. Such^ 
trains may be generated for test pur¬ 
poses by the NRZ Converter/Sampler 
operating with a random-noise genera¬ 
tor such as the GR 1381 or 1382.^ Un¬ 
like systems of pseudo-random noise 
generation, this method does not re¬ 
strict the maximum number of ones or 
zeros it is possible to obtain in a 
continuous sequence. The re.sult is a 
truly random set of ones and zeros. 

The noise-sampling tc(!hni(pie is also 
useful for producing low-frequency 
white noise. The power spectrum of a 
random sequence of non-return-to-zero 
ones and zeros is given by Rice.* 

Specifically, this spectrum follows a 
(sin a7.v)* law, where .v is the product 
Trfh. The (juantity h is the time between 
SAMPLING pulses, and /is the frequency 
at which the power den.sity in watts/ 
cycle is being ev’aluated. As / ap-^ 
proaches zero, the value of .sin x/. 
approaches unity, showing that at low 
fre(iuencies, the power density is essen¬ 
tially independent of frequency and 
therefore “white.” The table below 

• J. J, Faran, *' Random-Noinr Generatorn.'* Gtneral Radio 
KTperimenter, January IQfiS. 

» S. O. Rice, " Matliematical Analysis of Random Noise,” 
Bell SyiittmJi Technical Journal. Vol. 23, pp 282-332, 
July 1944. In particular, note Rice's equation 2.7-9. 




converted to return-to-zero (center) and non-return-to-zero (bottom) pulse sequences. 
In return-to-zero sequence, voltage drops to zero at end of each **1" pulse, whether 
or not a **0" follows. With NRZ pulses, voltage returns to zero only at binary "0**. 
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shows the relationship between white¬ 
ness and the sampling frecjueney, 
wliieh is the reciproeal of Rice’s time 
interval h. 


FREQUENCIES AT AND BELOW WHICH 
NOISE IS ’’WHITE*’ WITHIN 
TOLERANCES LISTED 


Sfimpting 




Frequency 

Frequency 

in hertz equal to or Icmm than 

Ult) 

{0.1 •Hi) 

{LOiUi) 

{H.O dti) 

I 

0.083 

0.261 

0.440 

3 

0.249 

0.783 

1.32 

10 

.83 

2.61 

4.40 

30 

2.49 

7.83 

13.2 

100 

8.3 

26.1 

44.0 

300 

24.9 

78.3 

132. 

1000 

83. 

261. 

440. 

3000 

249. 

783. 

1320. 

10000 

830. 

2610. 

4400. 

30000 

2490. 

7830. 

13200. 

100000 

8300. 

26100. 

44000. 


The random binary pulse train is 
available at the nkz output terminals 
of the NKZ C’oiiverter/Sampler. No 
other pluK-ins are re(|uircd except a 
biOo-Pl PKF I'nit to generate a 
SAMPLING frecpiency. The total cost 
of such a system for generating random 
binary pulses, including the re<iuired 
random-noise generator, is then l)etter 
than a thousand dollars under that of 
the most nearly similar commercially 
available genenitor of random binary 
sequences. 

Since the NRZ Converter/Sampler 
gives a trigger pul.se output each time a 
SAMPLING pul.se is received, it follows 
that the basic as.sembly just described 
may be enlarged by the addition of 
other l.MKVfamily plug-ins. Thus, the 
virtually limitless variety of pulses that 
can *)e produced with a l.T.)5 Modular 
Pulse Clenerator are now available in 
random .setiuence. 

— G. R. Partridge 


SPECIFICATIONS 


SAMPLING INPUT 

Pultct: to to 15 V, positive-going, 75- to ISO-ns 
duration, dc to 2.5 .MHz. 

Sin* Wav*: At least 17 V’ mis, 1 to 2.5 Mllz. 
Sine-wave Mimpiing lielow' I MIU not rwoin- 
inendcHi. 

Input lmp*danc*: Approx 4500 W across 40 pF. 
SAMPLED INPUT 

S*nftitivity: 0.2 V pk-pk UO 2.5 MHz, op- 
tiniiztMl hy mljustiiient ot Utrcshold control. 
Input retpiiriMl iiicn.‘a8es ut other settings. 
Coupling: Ac or dc, switch-selectetl. 

Thr*thold Control: Compensates for dc coiiipit- 
nenUt Itetween approx ±0.0 V. 

Input lmp*danc*: Approx 100 kU across 40 pF. 
NRZ OUTPUTS Both p««itivc- and negative¬ 
going truiuutions are available siimiltanetiusly 
w’ith the dc component ct»nin»lle«l by the 1005. 


Amplitude: > 20 V, open circuit: > 1 V across 
50 ii. 

Transition Timet: <15 ns with 50-12 load at 
max input. T'ypirally SO ns -f 2 ns/pF of load 
capacitani’c for high-impedance loads. 

Output Impedance: I kli max. 

TRIGGER OUTPUTS Two outputs available simul- 
tanfN>U8ly: pulsir generat4Mi when samplko 
terminal is in o.nk state, another when terminal 
is in xKKo state. 

Amplitude: > -f-IO V. Durotion: Approx 70 ns. 
Output impedance: Approx KiO 12. 

Deloyt: Trigger and NKZ outputs are delayed 
approx l‘.H) ns fmm the sampuno input. 
Accettoriet Supplied: Fight patch cords — tw’o 
each Types J74-L.\IB, 274-bMR, 274-USB. 
27t-LSU; two double plugs, four insulated 
plugs. 


Catalog I 

Number 

Dexcription 

1 Price 

1 in USA 

1395-9605 1 

1 1395-P5 NRZ Converter/Sampler 1 

\ $295.00 
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A GR900* COMPONENT MOUNT 



Figurs 1. 

Typ« 900-M Component Mount. 

The gateway to many precision meas¬ 
urements is the GRtlOO* precision coax¬ 
ial connector, but if what you are 
measuring has a simple pair of wire 
leads, the problem becomes that of 
finding a gateway to the gateway. Just 
adapting from wire lead to coaxial is 
not enough; the transition must be 
made in such a way that the component 
is measured with the same lead length 
and dres.sing iis it will have in the 
circuit in which it is used, and the leads 
must be positioned to prmluce mini¬ 
mum inductance or capacitance. 

The solution to the problem is the 
new Typk ‘JOO-M Component Mount, 
which permits reproducible measure¬ 
ments of wire-lead components (e.g., 
resistors, capacitors, inductors, diodes, 
transistors) at a well-defined reference 
plane and which also serves as a coaxial 
packaging device for the permanent 
mounting of components to be used as 
standards or terminations. 

It is a particularly useful accessory 


for GUOOO-equipped instruments, such 
as the IGOG-H HF Bridge, the 1>00-LB 
Precision Slotted Line, and the 1609 
Irnmittance Bridge. It is also a very 
convenient housing for capacitance 
standards, which can be accurately 
calibrated on a GR900-e(iuip|>ed 1615-A 
Capacitance Bridge. 

The mount, shown in Figure 1, con¬ 
sists of a GR90() precision coaxial con¬ 
nector, a length of coaxial line, a mount¬ 
ing disk, and a removable cover. The 
inner conductor of the coaxial line is 
kept from rotating by a dielectric rod 
that has been compensated so that it is 
e.ssentially reflect ionle.ss. The line 
length (i.e., the electrical length of the 
mount) is exactly 4 cm to correspond 
to the electrical lengths of the 900- 
\VX4 and -\V04 short and open circuits. 

A sample measurement of a 1000-pF 
disk ceramic capacitor was performed 
to demonstrate the u.se of the mount. 
The lead lengths were inch. The 
resulting reactance-vs-freejuency char¬ 
acteristic is shown in Figure 2. 



Figuru 2. M«osurtd rtoctoncct of 1000>pF disk 
ceramic capacitor with Hi'' long leods. 


SPECIFICATIONS 


Eloclricol length! -1.0 cm :i;0.04 Cm to ideal 
short circuit at terminals. • 

Reeiduol Capacitance (at low frequendes): 2.93 
pK, typical, with screw. 

Accettoriet Required: 000*\VN-t Fredsion Short 
Circuit, 901>*W(>1 Precision Open Circuit for 
establishing reference plane. 


Weight: Net, 8 OZ g); shipping, 11 OZ 

(315 g). 


Catalog 


Price 

Number 

Description 

in USA 

0900-9540 

900-M Component 
Mount 

$70.00 
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COMPLETE PROGRAMMABILITY FOR 
GR SYNTHESIZERS 

With the introduction of the Type 
ll64-UI)I-3 lO-MHz/step Program¬ 
mable Digit-Insertion Unit, GR’s fre¬ 
quency-synthesizer line is completely 
programmable, from lowest frequency 
to highest (70 MHz). The ll(>4-RDl-3 


is a plug-in replacement for the highest- 
frequency (X-IO MHz) module in a 
Type 11G4 synthesizer. Conversion 
from nonprogrammable to program¬ 
mable is just a few minutes* work. Of 
course, any .synthesizer can be ordered 
equip[)ed with programmable decades. 


STANDARD-FREQUENCY OSCILLATOR 
FOR USE WITH SYNTHESIZERS 

For many applications, the cr^'stal 
oscillator built into a GR frequency 
synthesizer pro\ndes adeciuatc stability. 
The way to higher stability, for those 
who need it, is a phase lock with an 
external frequency standard such as 
GR*s Type lllo. Now, for those ap¬ 
plications requiring le.ss than the ulti¬ 
mate in stability but more than the 
synthesizer alone can provide, an ine.x- 
pensive solution is available — an ac¬ 
cessory standard-frecpiency oscillator 
that mounts inconspicuously on the 
rear of the synthesizer without adding 
to over-all height. 


The oscillator (Type 1100-P3) uses a 
5-MHz cry.stal in a temperature-con¬ 
trolled oven, a buffer amplifier, and its 
own power supply (so that it can be 
operated from the power line inde¬ 
pendently of the synthesizer). 

The oscillator holds frequency within 
I part in lO* of its room-temperature 
fretiuency for any ambient temperature 
between 0 and 50®C, Aging is less than 
3 parts in lO® per day. TJiis performance 
puts the 1R)0-P3 significantly ahead 
of a “barefoot** .synthesizer but still 
behind the synthesizer phase-locked 
to a freciuency standard such as the 
GRType 1115* 


Accessory standard*frequency os¬ 
cillator mounts neatly on rear of 
synthesixer, requires no addi¬ 
tional relay-rack height. Separate 
power connector allows oscillator 
to run independently of 
synthesixer. 



Catalog 

Number 

Description 

Price 
in USA 

1164.9489 

1164-RDI-3 Programmoble Digit-Insertion Unit, 

$575.00 


10 MHz/$tep 


1160.9650 

Hookup cable, 50.ft, 12.conductor, shielded, for 

15.00 


above unit. 


1160.9603 

1160-P3 Standord-Frequency Oscillator 

525.00 


1 



lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516)3 


www.ietlabs.com 
•FAX: (516) 334-5988 



















GENERAL RADIO COMPANY 

WEST CONCORD. MASSACHUSETTS 01781 

SALES AND SERVICE 


Arta 

Albuquerque 
•Boston 
•Chicago 
Cleveland 
Bridgeport 
•Dallas 
Dayton 
Denver 
Detroit 
Houston 
Huntsville 
Indianapolis 
•Los Angeles 
Montreal 
New Haven 
•New York 

Orlando 
Ottawa 
Philadelphia 
San Diego 
San Francisco 
Seattle 
Syracuse 
•Toronto 
•Washington/Baltimore 


Ttltpiton« 

505 2550611 
617 646 0550 

312 9920800 
216 8860150 
203 377 0165 

214 ME7-2240 

513 434 6979 
303 447-9225 

313 261-1750 

713 622-7007 

205 883-2077 
317 636-3907 
213 469 6201 

514 737-3673 
203 377-0165 

(NY) 212 964-2722 
(NJ) 201 943-3140 
305 425-4671 
613 233-4237 

215 646-8030 

714 232-2727 

415 948 8233 

206 GL4-7545 
315 454-9323 

416 247-2171 
301 946-1600 


'Repair services are available at these offices. 


GENERAL RADIO COMPANY (OVBRSEAS) 
CH 8034 Zurich 34, Switserland 

GENERAL RADIO GMBH 
08 MUnchen 80, W««t Germany 

GENERAL RADIO COMPANY <U.K.) LIMITED 
Bourne End Buckinghamehlre. England 

REPRESENTATIVES IN PRINCIPAL 
OVERSEAS COUNTRIES 
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